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Abstract: Despite adequate screening and low-density lipoprotein cholesterol (LDL-C)-lowering
therapy, it has been recognized that many patients with low or moderate LDL-C levels experience
cardiovascular events. Furthermore, many patients with cardiovascular disease and relatively
normal levels of LDL-C have increased levels of low-density lipoprotein particles (LDL-P). The
purpose of this case report is to illustrate the importance of LDL-P in the surprising presenta-
tion of vascular disease in a woman who had a high concentration of high-density lipoprotein
cholesterol (HDL-C). By utilizing lipoprotein information, patients can be appropriately selected
to receive suitable medication, leading to better health outcomes.

Keywords: lipoprotein particle concentration, premature coronary artery disease, lipid profile,
combination therapy, vitamin D deficiency

Introduction

Does a traditional cholesterol test give reliable information to the health care provider in
managing cardiovascular disease in their patients? Low-density lipoprotein cholesterol
(LDL-C) has long been the basis for measuring coronary heart disease risk because its
measurement is relatively easy. Despite adequate screening and LDL-lowering therapy,
it has been recognized that many patients with low or moderate LDL-C levels experience
coronary heart disease events.! In 2007, a seven-member panel of experts developed
a consensus statement that was endorsed by America Diabetes Association and the
American College of Cardiology, which concluded that lipoprotein abnormalities are
common findings in patients with cardiometabolic risk.> Moreover, many patients with
cardiometabolic risk have relatively normal levels of LDL-C, yet have increased levels
of low-density lipoprotein particles (LDL-P).

Furthermore, clinical trials that have compared the clinical outcomes in incident
cardiovascular events between LDL-C versus LDL-P concentration, consistently
demonstrate that LDL-P concentration, or its surrogate measure, apolipoprotein B
(Apo B), are more predictive of cardiovascular events than LDL-C.* Moreover, therapies
that lower lipids may have varying effects on LDL-C versus LDL-P. For instance, statins,
estrogen replacement therapy, and a low-fat, high-carbohydrate diet tends to lower
cholesterol content in the LDL particles more than they lower LDL-P concentration.
Conversely, fibrates, nicotinic acid, some thiazolidinediones (pioglitazone), exercise,
and a low carbohydrate diet tend to lower LDL-P concentration more than they
lower LDL-C content in LDL particles (Table 1).* Therefore, reliance on LDL-C as
a biomarker may not fully appreciate the benefit of these therapies. Hence, recent
consensus papers from the American Association for Clinical Chemistry have focused
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Table | Interventions that changes LDL composition (size or
cholesterol content) will differentially affect LDL-C and LDL-P
concentrations

Interventions that increases Interventions that decreases
cholesterol per particle
(LDL-P concentration

decreases more)

cholesterol per particle
(LDL-C concentration
decreases more)

Fibrates Statins

Niacin Statins + ezetimibe
Glitazones (some)
Omega 3 fatty acids

Exercise

Estrogen replacement therapy
Antiretrovirals (some)

High carbohydrate diet

Low carbohydrate diet

Notes: Reprinted from Rosenson R, Davidson M, Pourfarzib R. Underappreciated
opportunities for low-density lipoprotein management in patients with cardiometabolic
residual risk. Atherosclerosis. 2010;213:1-7, with permission from Elsevier.?
Abbreviations: LDL, low-density lipoprotein; LDL-C, low-density lipoprotein
cholesterol; LDL-P, low-density lipoprotein particles.

on measurement of LDL-P and Apo B rather than LDL-C for
both risk assessment and therapeutic effectiveness.*

The purpose of this case report is to illustrate the importance
of LDL-P in the surprising presentation of vascular disease in
awoman with a high concentration of high-density lipoprotein
cholesterol (HDL-C). We will also discuss the discordance
between LDL-P and LDL-C concentrations and the benefit of
knowing the concentrations of various lipoproteins in coronary
heart disease patients. We will discuss evidence supporting the
treatment strategies and end with clinical recommendations.

Case report

A healthy 57-year-old Caucasian woman with a family
history of premature coronary artery disease presented to her
primary care physician for preventive screening. She reported
eating a healthy diet, exercising regularly, and consuming
minimal alcoholic beverages. Her mother and sister had
coronary artery disease and had had coronary bypass surgery
at the ages of 52 years and 53 years, respectively.

The patient’s lipid panel revealed total cholesterol
250 mg/dL, LDL-C 110 mg/dL, HDL-C 116 mg/dL, trig-
lycerides 29 mg/dL, and non-HDL-C 134 mg/dL (Table 2).
HDL-C values had been elevated >100 mg/dL for several
years. It is possible that these values may have been due to
laboratory artifact. If the laboratory uses phosphotungstic
acid for precipitation of the B-containing lipoproteins, the
lipoprotein(a) may remain in the supernatant and be measured
as HDL-C. In this patient’s case, she had had elevated HDL-C
measured in more than one laboratory over the course of sev-
eral years and it was consistently greater than 100 mg/dL.

Based on the patient’s risk factors of age and family
history, a Framingham risk score was performed, and
a 3% risk for heart attack or stroke in the next 10 years

was calculated. She was given advice to continue a heart-
healthy diet and regular exercise, with no recommendation
for medical therapy other than aspirin 81 mg/day. She was
also told she had cardiovascular protection based on her
high HDL-C.

Two months after this screening test, the patient experi-
enced an episode of atypical chest pain. She was evaluated
in the emergency room. No cardiac work-up was performed
because she responded to treatment with antacids and proton
pump inhibitor therapy. Two weeks later she again began
to experience nonexertional, atypical chest pain. She was
again evaluated in the emergency room and at this time
had an abnormal electrocardiogram, and subsequent heart
catheterization showed coronary disease with 70% blockage
in the left anterior descending artery and diffuse disease in
multiple vessels. She underwent triple vessel coronary artery
bypass surgery. Upon discharge, her cardiologist placed her
on atorvastatin 40 mg, omega 3 fatty acids 1 g, aspirin 81 mg,
and clopidogrel 75 mg per day.

One month later she was evaluated in the author’s
lipid clinic. Her lipid panel on atorvastatin 40 mg revealed
total cholesterol 203 mg/dL, LDL-C 141 mg/dL, HDL-C
44 mg/dL, triglycerides 89 mg/dL, and non-HDL-C
159 mg/dL. Her nuclear magnetic resonance lipoprotein
test results on atorvastatin 40 mg revealed a total LDL-P
of 3002 nmol/L, all of which were small LDL-P. Other
laboratory tests performed are listed in Table 2. Of note, she
had elevated high-sensitivity C-reactive protein, elevated
lipoprotein(a) and severe vitamin D deficiency. Based on
the American Diabetes Association/American College
of Cardiology and American Association for Clinical
Chemistry consensus treatment goals of Apo B < 80 mg/dL,
non-HDL-C < 100 mg/dL, and LDL-P < 1100 nmol/L, the
patient’s residual risk was more aggressively managed.>*

Evaluation and management

The patient was a woman with known coronary artery
disease and a strong family history of coronary disease. She
was not treated initially, based on a traditional lipid panel
showing high HDL-C and presumed protection. Although in
general, high levels of HDL-C are associated with reduction
for coronary artery disease, some individuals may have
dysfunctional HDL-C that is not protective. Her LDL-C
value of 110 mg/dL was not treated based on current National
Cholesterol Education Panel guidelines. After subsequent
analysis on atorvastatin 40 mg, nuclear magnetic resonance
lipoprotein test results revealed a significantly elevated risk
based on an LDL-P of 3002 nmol/L (Table 2).
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In her case, LDL-P was dramatically elevated, despite
being on atorvastatin 40 mg, so we elected to switch her
to rosuvastatin 40 mg. A recently published, randomized,
double-blind, controlled study demonstrated greater LDL-P
reduction with rosuvastatin versus atorvastatin.’ Four months
later, after a weight loss of 9 Ib and switching to rosuvastatin,
her LDL-P dropped to 1418 nmol/L, small LDL-P dropped
to 992 nmol/L, and HDL-C increased back to 100 mg/dL.
LDL-C was now 110 mg/dL, triglycerides 83 mg/dL, and total
cholesterol 227 mg/dL. Her high sensitivity C-reactive pro-
tein normalized to 0.9 mg/dL. Due to vitamin D deficiency,
she was also initiated on treatment with over-the-counter
vitamin D3 5000 1U/day.

With known coronary disease, elevated lipoprotein(a),
and LDL-P still not to target, we added extended-release
niacin 500 mg. Extended-release niacin and estrogen are
two of the few agents known to lower lipoprotein(a),
although there are no prospective data to suggest lowering
lipoprotein(a) has any impact on cardiovascular disease event
reduction. Extended-release niacin has also been shown to
lower LDL particle concentration.®

On rosuvastatin 40 mg and extended-release niacin
500 mg, nuclear magnetic resonance revealed LDL-P
965 nmol/L, small LDL-P 661 nmol/L, Apo B 72 mg/dL,
LDL-C 86 mg/dL, triglycerides 60 mg/dL, total cholesterol
250 mg/dL, HDL-C 152 mg/dL, and non-HDL-C 98 mg/dL.
She had now met goals based on an America Diabetes
Association and the American College of Cardiology
consensus statement of Apo B < 80 mg/dL and non-
HDL-C < 100 mg/dL.? She still had elevated LDL-P of
965 nmol/L (20th percentile of Framingham population),
elevated LDL-C 86 mg/dL, and elevated lipoprotein(a), so
titration to extended-release niacin 1 g was done. Exactly
one year after her coronary artery bypass surgery, she had
a traditional lipid panel of total cholesterol 252 mg/dL,
LDL-C 129 mg/dL, HDL-C 111 mg/dL, and triglycer-
ides 59 mg/dL. As illustrated in Table 2, her traditional
lipid panel was no different on rosuvastatin 40 mg and
extended-release niacin 1 g, a potent combination drug
therapy, than when she was on no therapy prior to her
bypass surgery. However, her LDL-P levels declined
from 3002 nmol/L to 616 nmol/L at the end of one year
of treatment.

Recommendations
It is well documented that the cholesterol and triglyc-
eride content of LDL particles varies from person to

person because of differences in particle size and lipid
composition.”” Hence, two patients who have the same
measured LDL-C concentrations can have significantly dif-
ferent numbers of LDL particles and therefore a different risk
for coronary heart disease.!®!! Strong evidence now exists
for the superiority of lipoprotein measurements versus lipid
concentrations in the management of coronary heart disease
(Table 3).>7° For example, in the Framingham Offspring
Study, the 15-year risk of cardiovascular disease events
among 3066 middle-aged men and women was related
to LDL-P, and not LDL-C, in individuals with discordant
values for these two measures of LDL. The data indicate
that LDL-C performs well as a surrogate for LDL-related
cardiovascular disease risk when values are in agreement
(ie, concordant) with LDL-P, but less well when they are
discordant.” Furthermore, recently published data from
the Multi-Ethnic Study of Atherosclerosis showed that in
individuals with discordant LDL-C and LDL-P levels, the
LDL-attributable atherosclerotic risk was better indicated
by LDL-P. For the discordant levels of LDL-P and LDL-C,
only LDL-P was associated with incident cardiovascular
disease.

In our lipid clinic, we use nuclear magnetic resonance
as a useful tool to distinguish between patients warranting
an aggressive treatment approach and those warranting a
less aggressive treatment approach. What we have found in
our adult population is that in patients with high risk, ie, known
cardiovascular disease or diabetes, combination drug therapy
decreases lipoprotein levels effectively (combination of
statins with extended release-niacin, fibrates, thiazolidin-
ediones, and omega-3 fatty acids).>'! In patients with insulin
resistance as the core etiology of dyslipidemia, weight loss,
increased exercise, and lower carbohydrate diets will also
favorably decrease LDL-P3!!

Conclusion

In a patient with a strong family history for coronary
heart disease, even in the presence of a high HDL-C,
a more extensive evaluation may identify nontradi-
tional risk factors, such as elevated LDL-P, thus placing
individuals at increased risk for coronary heart disease.
Furthermore, many high-risk patients who achieve LDL-C
and non-HDL-C target levels will not have achieved
low population-equivalent LDL-P targets. By utilizing
lipoprotein information, appropriate patient selection will
identify those who should receive suitable medication,
leading to better health outcomes.

60 submit your manuscript

Dove

Research Reports in Clinical Cardiology 201 1:2


www.dovepress.com
www.dovepress.com
www.dovepress.com

LDL in cardiovascular disease

Dove

*24N|1g} 1UBSY DANSIZUOD ‘JHD H|IBIIE DIWSYISI JUSISULL] /|| ‘UOIBIASP PJBPUBIS ‘(S SSAUXDIYD BIPSW-BWINIUI PROJED ‘] |- ‘s9panued uioadodi) Asuap-mo| ‘d-1Q7 {|o41sajoyd ueroadodi| Aisusp-mo|
“3-1@1 ‘uroadodi| Aisuap-mo| “1T {|04331s3]0yd JQH-uou ‘D-1gH-uou sapnued uioadod Aususp-ydiy ‘4-1aH ‘|o491s9joyd urioadodi Ausuap-ydiy ‘D-1qH ‘A198.ns ssedAq Aus1ue A1BU0IOD ‘DD ‘UonUBAIRIUl snodueINdIRd
‘|Dd fUond.eul [BIPJRIOAW ‘|| ‘SOIBI SPPO YO ‘OleJ SPUezRY “YH (9SEISIP JNISBAOIPJRD ‘QAD ‘[BAJISIUI SDUSPHUOD ‘| ISBISIP 2JedY AJRUOUOD ‘QHD (Oseasip AJsdie AIeuolod ‘QyD Xopul ssew Apoq ‘||g :SUOIIRIARIqqY

o-1an

404 (91°7-0%'1) 2’1 PUe d-1A7 404 (0E'€-16'1) 15T Sem

| sns4aA g 3jnuinb 4o} (1D %S6) YH "D-1A7 Ueys AAD

01 pajejaJ A|Suo.is aow sem -7 ‘|G PUe ‘sa1aqelp
‘aunssaud poojq ‘@sn auow.oy ‘smeis [esnedouaw ‘snies
Supjows QUaWUSISSE JUSWIB) PIZIWOpUE. ‘93 Jo) paishipe

d-1@7 Pue D17 Jo 3nuInb 4q s3uaAe GAD IUBPIUI JO YH
SUIW.I9I9p 01 pasn uolssauda. paezey [euondodoud xo)

awin JuswWijolud

pue ‘Jopuagd ‘o8e .oy Sulysrew sn|d ‘aunssaud poojq pue
Bupjows Joy paisnlpe sasAjeue ul D-1q7 40} (81°7—LE'|

1D %56) €£'1 Pue d-1Q7 40} (657851 1D %56) 00°T 4om
| SNSJBA § 3|1aenb 1oy YO "oseasip Aus1ae AIeuoaod Juspidul
JO YO duiw.IRIp 01 pasn uoissa.Sa. d1sISo| [euonipuo)

“(AlpA2adsad ‘S7°0 =4 *80°I PUB §1°0 =d ‘01°1)

D-1a1 404 30u 3nq ‘(A]2AR23dsa. “€000°0 = d ‘8’| PUE 9000 =d
‘0T 1) d-1Q7 JO SAN[BA [BLI-UO PUE SUI|ISE] IO) JUBDYIUSIS DIOM
IU9A9 gHD Mau & Joj (3uswiaadul S | J9d) YO 's91aqelp pue
‘g ‘Bunjows ‘uoisuaiuadAy ‘a8 ‘dno.s Juswies.y Joy paisnipe
‘sanjeA -7 40 d-7Q7 2USWIESUI-UO O BUI[9SEq JO) SIUDAD

(saeah | 1)

3P AAD ‘|043s
dwRYdst‘HgVYD ‘10d

‘[IW [BIBJUOU :SIUSAS OAD

(s4ee4 9) AvD
|eagjuUOU O |BIR4

(saeak |°g)

3 UlWeIIA pue
ulidse 01 paziwopued

29UYM %96 ‘sIeak GG a3e
98eUaAR {QAD JO 934§ USWIOAA

uswom %9¢ ‘partodaaun
9oeJ sueak g9 93e afesaAe
‘A@VD JO 93J) UBWIOM puE U3

oqaded Jo |1zouqywag 01

paziwopuel H2e|q %9 PUYM % |8
tsaeak {9 93 aSeuaAe (D-TQH MO|

€911

s|0J3uod G8g|
s35Bd €00

S|0J3U0d /69

wAPMIS YjeaH

SPE'8C S,USWOAA

£€99°5C ePllOH-ON-DId3

o(LIH-VA) [e1L
uonuaAIU| TaH

@HD 2UaPIdUL JO YO SUIWIABP 01 Pasn UOISSaUSaJ d1sISoT] yreap gHD 40 W pue gQHD Pays!|qeIsa YaMm Ud S95BD $9¢ 1€5T SJIBYY SUBJIDIDA
‘(AjoAnoadsau ‘sueak-uosiad gpQ| Jod siuars (saeahk 8% ) JUSAS AD 354l JO
¥/ PU® [8) D-JQH-UoU 4o D=7 JO [9A3] Mo| ApusdjeAinbs ue VIL ‘@joas ‘JHD 9DUSPIDUI 1O} PIMO]|O) DIIM
Yam aso ueya (saeak-uosaad Q| Jod s1usAs gg) 91 UAD ‘Aduaidiynsul Areuouod AAD noyIM (USWOM %ES) Apmsg 8udsyo
AAD 1oMo| B pey 4-17 4O [9A3] MO| B yaIm s123[qng ‘euiSue ||y [SIUBAD QAD syuedionJed auypA pade-s|ppiy 990€ 990€ wey3uiwe.y
2-1@T uey Japed 4-1Q7 Yam padpen JWI-D LWI-DYyaesp “(uedtiBwy 3s3UIYD PUE ‘DUYAA ‘OluedsiH
"AAD IUSPIdUI YIIM PRIBIDOSSE SBM ¢-T7 A|UO ‘D77 Pue AAD 42410 Jo ‘Yaeap ‘uedlIaWy UedLly) sdnoud ouya)ferned
d-1A7 JO S[2A9] JUBP.OISIP 3Y3 o4 d-7d7 Aq paiedipul jo.1s ‘Djo.is ‘euidue ISUDAIP { WOy PAAUNIDAL ‘AD 2iSIsoI9PsOIRYIY
191394 SBM >[SIJ D110.3]2S0JIBYIE 9|qeIngLine-17 dy3 ‘yaeap ‘qHD palaodau-j|as Jo 23.) pue saeak ,8—Gf pasde jo Apmig
‘s|9A3] 4~ PUB D-(J JUBPJIOISIP YIIM S[ENPIAIPUI JO4 ‘I S3UA QAD ‘USWIOM pUB UBW paseq-ANunwwor) 8655 ¥189 dluyag-niniy
sawod3no gAD Y3Im D-1dT Pue 4-1d jo (po11ad dn-mojjoy) azis ajdwres azis ajdwes
suoneIdosse 03 pajejad suoisn|puod/sisAjeue eyeq jutodpua gAD uone|ndod Apmyg d-1a1 Apn3s e30 Apmg

s3ujodpus 3seasIp JBNISEAOIPJIED YlM D=7 PUB -7 JO suoneosse Suriedwod saipnis [edjul]d dAndadsoud Joy uopew.our Adewwng € djqe |

6l

submit your manuscript

Research Reports in Clinical Cardiology 201 1:2

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dall and Pourfarzib

Dove

List of abbreviations

AACC, American Association for Clinical Chemistry;
ACC, American College of Cardiology; ADA, American
Diabetes Association; Apo B, Apolipoprotein B; CMR,
Cardiometabolic risk; C-IMT, Carotid intima-media thick-
ness; CABG, Coronary bypass surgery; ER, Emergency
room; HDL-C, High-density lipoprotein cholesterol; HDL-P,
High-density lipoprotein particles; Non-HDL-C, Non HDL
Cholesterol; LDL-C, Low-density lipoprotein cholesterol;
LDL-P LDL, particle concentration; LpPLA,, Lipoprotein
associated phospholipase A,; MESA, Multi-Ethnic Study of
Atherosclerosis; MI, Myocardial infarction; OM3, Omega 3

fatty acid; VLDL-P, Very low-density lipoprotein particle.
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